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DESCRIPTION 
CERAMIC HEATER UNIT 



FIELD OF THE INVENTION 
[0001] 

The present invention relates to a ceramic heater unit. 
BACKGROUND ART 
[0002] 

Referring to Figs. 4(a) and 4(b), a conventional ceramic 
heater unit 120 used for various thermal treatments of a 
semiconductor wafer has a heater 101 made of silicon carbide 
and electrodes 102 made of a metal such as nickel for passing 
electricity through the heater 101 to elevate the temperature 
thereof. The heater 101 and the electrodes 102 are joined with 
a nut 109 to be integrated as shown in Fig. 5 (a) . The integrated 
heater 101 and electrodes 102 are housed and held in a structure 
member 103 (See, for example, the Patent Document 1 .) . 
[0003] 

In this case, the nut 109 that joins the heater 101 with 
the electrodes 102 is constituted of a material such as nickel 
or molybdenum other than silicon carbide. For this reason, at 
the time of a thermal treatment of the semiconductor wafer, the 
constituent components of the nut are deposited as an impurity 
on the semiconductor wafer surface, as shown in Fig . 5(a), thereby 
raising a fear of deterioration in purity. Also, since the 
thermal characteristics of the members constituting the ceramic 
heater unit 120 are different, there is also a fear of decrease 
in thermal uniformity. For example, since the constituent 
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materials of the heater 101 and the nut 109 have different thermal 
conductivities^ a temperature diffsrence has been generated 
between the heat HI of the heater 101 and the heat H2 around 
the joining part of the electrodes 102^ as shown in Fig. 5(b) . 
Furthermore, cracks have been generated on the heater member 
due to the difference in thermal expansivities of the members. 
[0004] 

In order to solve the aforementioned problems, the whole 
heater unit is covered with a structure 103 which is sealed with 
an 0-ring 108 or the like, as shown in Fig. 4 (a) . However, this 
has invited an increase in production costs and a limitation 
on the design of the ceramic heater unit 120 . On the other hand, 
the object of improvement in the thermal uniformity has not been 
improved. 

Patent Document 1: Japanese Patent Application Laid-Open No. 
2002-25751 

DISCLOSURE OF THE INVENTION 

[0005] 

The present invention relates to the following described 
matters . 

(1) . A ceramic heater unit having at least a heater and 
electrodes for passing electricity through above heater to 
elevate the temperature of the heater, characterized in that 
above heater and above electrodes are respectively made of a 
material containing silicon carbide, and above heater and above 
electrodes are integrally constructed with use of a binder made 
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of a material containing silicon ciirbide. 

(2) The ceramic heater unit of above (1) , further having 
a susceptor placed on a work-facing surface of above heater and 
made of a material containing silicon carbide. 

(3) The ceramic heater unit of above (1) or (2) , further 
having a reflecting plate placed below the surface other than 
the work-facing surface of above heater and made of a material 
containing silicon carbide. 

(4) The ceramic heater unit of any one of above (1) to 

(3) , further having an insulating plate placed being interposed 
between above heater and above reflecting plate. 

(5) The ceramic heater unit of any one of above (1) to 

(4) , wherein the constituent members of above ceramic heater 
unit are housed in a case. 

(6) The ceramic heater unit of any one of above (1) to 

(5) , wherein above heater and above electrodes are integrally 
constructed by the reaction sintering method with use of the 
binder made of a material containing silicon carbide in the part 
that joins the two. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] 

Fig. 1 (a) shows a cross-sectional view of a ceramic heater 
unit of the first embodiment. Fig. 1(b) shows a perspective 
view of the ceramic heater unit of the first embodiment. 

Fig. 2 (a) shows a cross-sectional view of a ceramic heater 
unit of the second embodiment. Fig. 2(b) shows a perspective 
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view of the ceramic heater unit of the second embodiment . 

Figs. 3(a) to 3(c) are diagrams showing production steps 
of the first embodiment. 

Fig. 4(a) shows a cross-sectional view of a conventional 
heater unit. Fig. 4(b) shows a perspective view of the 
conventional heater unit. 

Figs, 5(a) and 5(b) show partially enlarged 
cross-sectional view of the conventional heater unit. 

BEST MODES FOR CARRYING OUT THE INVENTION 

[0007] 

Hereafter, the present invention will be described with 
reference to embodiments; however, the present invention is not 
limited to the following embodiments, 
(first embodiment) 

Referring to Figs. 1(a) and 1(b), a ceramic heater unit 
20 of the first embodiment has a heater 1 and electrodes 2 for 
passing electricity through the heater 1 to elevate the 
temperature of the heater 1. The heater 1 is joined to the 
electrodes 2 substantially at the center of the surface (lower 
surface) other than the work-facing surface. The heater 1 is 
placed on the upper surface of the structure member 3a, and the 
electrodes 2 penetrate through a through-hole provided in the 
structure member 3a toward the (lower) side other than the 
work-facing direction to be connected to a power source (not 
illustrated) . Also, the heater 1 is held by a structure member 
3b that is placed to surround the electrodes 2 at the outer 
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circumference of the through-hole located substantially at the 
center of the lower surface of the structure member 3a to form 
a hollow cylindrical part and by a base 11 provided at the lower 
end of the structure member 3b. Here, the structure member 3 
is constituted of quartz. 
' [0008] 

In the first embodiment, the heater 1 and the electrodes 
2 are made of a material containing silicon carbide, and are 
integrally formed with use of a binder made of a material 
containing silicon carbide. Because of such a construction, 
the aforesaid problem such as release of an impurity at the time 
of heating is solved, thereby improving the purity . ' Also, since 
the thermal characteristics of the heater 1 and the binder are 
the same, there will be no difference in temperature between 
the heater 1 main body and the part joined to the electrodes 
2, thereby improving the thermal uniformity. Further, there 
will be no fear of cracks that have been generated due to the 
difference in the thermal characteristics of the heater members . 
[0009] 

(production method) 

First, the heater 1 and the electrodes 2 constituting the 
ceramic heater unit 20 are produced from silicon carbide in 
accordance with the hot pressing method described later . During 
this, the heater 1 and the electrodes 2 are made joinable (Fig. 
3 (a) ) . Also, a communication hole is provided in a part of the 
heater 1 and a projection is formed at one end of the electrodes 
2 so that an allowance is formed at the joining part 10 when 
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they are joined (Fig. 3(b)). 
[0010] 

Next, as shown in Fig. 3(b), a slurry containing silicon 
carbide (SiC) and carbon (C) is poured into the joining part 
10 of the heater 1 and the electrodes 2 . Thereafter, the joining 
part is heated. Subsequently, a high-purity silicon (Si) is 
inserted into the joining part, so as to allow excessive C and 
Si to react to form SiC. Due to such reaction sintering method, 
the heater 1 and the electrodes 2 are integrated as shown in 
Fig. 3(c), 
[0011] 

Further, by assembling the structure members 3a, 3b, the 
ceramic heater unit 20. shown in Fig. 1(a) is produced. 
[0012] 

Here, the silicon carbide of the above-described heater 
and electrodes has been produced by the hot pressing method. 
However, the above-described heater and electrodes may be 
produced by other production methods, for example, the reaction 
sintering method or an improved method thereof. 
[0013] 

( second embodiment ) 

Description will be made on the second embodiment having 
a susceptor and a reflecting plate in addition to the constituent 
elements of the first embodiment. 

Referring to Figs. 2(a) and 2(b), a ceramic heater unit 
21 of the second embodiment is provided with a susceptor 4 that 
allows a work to be placed thereon, a heater 1 placed on the 
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surface (lower surface) side other than the work-facing surface 
(upper surface) of the susceptor 4, electrodes 2 joined 
substantially to the center of the lower surface of the heater 

1 for passing electricity through the heater 1 to elevate the 
temperature of the heater 1, an insulating plate 6 placed on 
the lower surface of the heater 1 , and a reflecting plate 5 placed 
below the heater 1 with the insulating plate 6 interposed 
therebetween. The electrodes 2 are constructed to extend 
downwards through a through-hole provided substantially at the 
center of the insulating plate 6 and the reflecting plate 5 so 
as to be connected to a power source (not illustrated) . 
[0014] 

Further^ the second embodiment has a first hollow 
cylindrical part 8 that includes a lid portion formed by the 
susceptor4, abottompart 3a on which the heater 1, the insulating 
plate 6, and the reflecting plate 5 are placed and which has 
a through-hole substantially at the center so that the electrodes 

2 can penetrate therethrough, and ci wall part 3d provided at 
the peripheries of the bottom part 3a to form a hollow cylindrical 
part. Also, the second embodiment includes a second hollow 
cylindrical part 9 which is provided at the outer circumference 
of the through-hole of the bottom part 3a to surround the 
electrodes 2 that penetrate through the bottom part 3a and which 
holds the first hollow cylindrical part 8 and has a base 11 at 
an end. Namely, in the second embodiment, the constituent 
members of the above-described ceramic heater unit 21 are housed 
within a case that is formed with the first and second hollow 
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cylindrical parts 8, 9. 
[0015] 

In the second embodiment, the heater 1, the electrodes 
2, the susceptor 4, and the reflecting plate 5 are made of a 
material containing silicon carbide, and the heater 1 and the 
' electrodes 2 are integrally formed with use of a binder made 
of a material containing silicon carbide. By providing a 
susceptor 4, the thermal uniformity is further improved. This 
is because of its high thermal conductivity. Also, by providing 
a reflecting plate 5, a good thermal efficiency is obtained so 
as to improve thermal uniformity. By adjusting the lower surface 
of the reflecting plate 5 to have a higher thermal conductivity 
than the upper surface thereof, the thermal uniformity will be 
effectively improved. The insulating plate 6 is constituted 
of quartz or the like. 
[0016] 

The second embodiment produces a function and effect of 
improving the corrosion resistance of the ceramic heater unit 
21 because the constituent members c-f the ceramic heater unit 
21 are housed within a case. 
[0017] 

The heater 1 and the electrodes 2 as well as the susceptor 
4 and the reflecting plate 5 constituting the second embodiment 
are produced by the hot pressing method in the same manner as 
in the first embodiment. Also, the heater 1 and the electrodes 
2 may be produced by the reaction sintering method in the same 
manner as in the first embodiment- Here, the description on 
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the method of producing the second embodiment will be omitted. 
[0018] 

(hot pressing method) 

Hereafter, description will be made on a method of 
producing silicon carbide that i-s used for production of a heater 
* unit. 

In the method of producing a heater unit of the present 
invention, it is preferable to use a silicon carbide sintered 
body having a free carbon content of 2 to 10 wt%. Such a silicon 
carbide sintered body is obtained by sintering a mixture of 
silicon carbide powder and a non-metallic sintering auxiliary. 
First, the silicon carbide powder will be described. As the 
silicon carbide powder, one can widely use an a-type, a p-type, 
an amorphous one, a mixture of them, or the like, and one can 
also use a commercially available one as well. Among them, a 
p-type silicon carbide powder is suitably used. In order to 
obtain a silicon carbide sintered body with higher density, the 
silicon carbide powder to be used preferably has a smaller 
particle size. Preferably, it is about 0.01 to 10 pm, more 
preferably 0.05 to 2 urn. When the particle size is smaller than 
O.Ql pm, the handling in the processing steps such as measuring 
and mixing will be difficult. On the other hand, when the 
particle size exceeds 10 pm, the specific surface area of the 
powder, namely the contact area with adjacent power, will be 
small and it will be difficult to achieve a high density, so 
that it is not preferable. 
[0019] 
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When a silicon carbide powder having a high purity is used^ 
the obtained silicon carbide sintered body will also have a high 
purity^ so that it is preferable . A silicon carbide powder having 
a high purity can be produced^ for example, by mixing a silicon 
compound (which may hereafter be referred to as '"silicon source") , 
an organic material that generates carbon by being heated, and 
a Z-polymerization catalyst or a cross-linking catalyst, and 
sintering the obtained solid substance in a non-oxidizing 
atmosphere . As the silicon source, one can widely use compounds 
in a liquid form and in a solid form. At least one kind of a 
compound in a liquid form is used. A silicon source in a liquid 
form may be, for example, a polymer of alkoxysilane (mono-, di-, 
tri-, tetra-) or the like. Among the polymers of alkoxysilane, 
a polymer of tetraalkoxysilane is suitably used- Specific 
examples includemethoxysilane, ethoxysilane, propyloxysilane, 
butoxysilane, and the like, and in view of handling, ethoxysilane 
is preferable. When the polymerization degree of a 
tetraalkoxysilane polymer is about 2 to 15, it will be a low 
molecular weight polymer (oligomer) in a liquid form. In 
addition, some of the silicic acid polymers having a high 
polymerization degree are in a liquid form. A silicon source 
in a solid form that can be used with a silicon source in a liquid 
form in combination may be, for example, silicon carbide. The 
silicon carbides as referred to herein include, in addition to 
silicon monoxide (SiO) and silicon dioxide (Si02) , silica sol 
(colloidal superfine silica-containing liquid having an OH group 
or an alkoxy group in a colloid molecule) , fine silica, quartz 
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powder, and the like as well- Among them silicon sources, an 
oligomer of tetraalkoxysilane having a good homogeneousness and 
a good handling property, or a mixture of an oligomer "of 
tetraalkoxysilane and a fine powder silica, or the like is 
preferable. Also, these silicon sources preferably have a high 
purity. Specifically, the initial impurity content is 
preferably at most 20 ppm, more preferably at most 5 ppm. 
[0020] 

As an organic material that produces carbon by being heated, 
in addition to those in a liquid form, one can use those in a 
liquid form and those in a solid form in combination. An organic 
material having a high residual carbon ratio and being 
polymerized or cross-linked by a catalyst or by being heated 
is preferable. Specifically, monomers and prepolymers of 
phenolic resin, furan resin, polyimide, polyurethane, polyvinyl 
alcohol, and the like are preferable. In addition, those in 
a liquid form such as cellulose, sucrose, pitch, and tar are 
used as well. Among them, a resol-type phenolic resin is 
preferable in view of thermal decomposition property and purity. 
The purity of an organic material may be suitably controlled 
in accordance with an intended object. In particular, when a 
silicon carbide powder having a high purity is needed, it is 
preferable to use organic materials each having an impurity 
element content of less than 5 ppm. 
[0021] 

A preferable range of the ratio of blending a silicon source 
with an organic material can be determined in advance using the 
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molar ratio of carbon to silicon (which will hereafter be 
abbreviated as "C/Si") as a target. The C/Si as referred to 
herein is the C/Si obtained from an analysis value by subjecting 
a silicon carbide intermediate, which is produced by carbonizing 
a mixture of a silicon source and an organic material at 1000°C^ 
to an element analysis. Carbon reacts with silicon oxide to 
be changed into silicon carbide, as expressed by the following 
reaction formula. 
[0022] 

In accordance with the formula (I) SiOa + 3C -> SiC + 2C0, 

m 

the free carbon in a silicon carbide intermediate will be 
stoichiometrically 0% when the C/Si is 3.0. However, in actual 
cases, SiO gas and the like are volatilized, so that free carbon 
is generated even if the C/Si is a lower value. Since free carbon 
produces an effect of restraining the particle growth, the C/Si 
may be determined in accordance with the intended particle size 
of the powder particles, and the silicon source and the organic 
material may be blended so as to achieve the ratio. For example, 
in the case of sintering a mixture of a silicon source and an 
organic material under about one atmospheric pressure at 1600°C 
or higher, the generation of free carbon can be restrained when 
they are blended so that the C/Si will be in a range from 2.0 
to 2.5. When they are blended so that the C/Si will exceed 2.5 
under the same condition, the generation of free carbon will 
be conspicuous, and a silicon carbide powder having a small 
particle size can be obtained. Thus, the blending ratio can 
be suitably determined in accordance with the intended object. 
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Here^ the function and effect of the free carbon deriving from 
silicon carbide powder is extremely weak as compared with the 
function and effect of the free carbon produced from a sintering 
auxiliary. Therefore, the free carbon deriving from silicon 
carbide powder essentially does not affect the effect of the 
present invention. 
[0023] 

The total amount of carbon contained in the silicon carbide 
powder is preferably about 30 wt% or higher and about 40 wt% 
or lower. The total carbon content of silicon carbide (SiC) 
is theoretically about 30 wt%; however, the total carbon content 
decreases to be lower than 30 wt% when the silicon carbide contains 
a non-carbon impurity, and increases to be higher than 30 wt% 
when the silicon carbide contains free carbon. The silicon 
carbide powder obtained by adding an organic material and 
sintering as described above contains a carbon impurity, so that 
the carbon content will be higher than 30 wt%. Therefore, when 
the carbon content in the silicon carbide powder is less than 
30 wt%, the ratio of non-carbon imp:irity is high, so that it 
is not preferable in view of purity. On the other hand, when 
the carbon content exceeds 40 wt%, the density of the obtained 
silicon carbide powder will decrease, so that it is not preferable 
in view of strength, oxidation resistance, and the like. 
[0024] 

The mixture of a silicon source and an organic material 
can be hardened to be made into a solid substance. As a method 
of hardening, there are amethod of using a cross-linking reaction 
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by heating, amethodof hardening with use of a hardening catalyst, 
a method of using an electron beam or radioactive rays, and the 
like . The hardening catalyst to be used can be suitably selected 
in accordance with the organic material to be used . When phenolic 
resin or f uran resin is used as the organicmaterial , the hardening 
■ catalyst may be, for example, a carboxylic acid such as 
toluenesulf onic acid, toluenecarboxylic acid, acetic acid, or 
oxalic acid, an inorganic acid such as hydrochloric acid or 
sulfuric acid, an amine such as hexamine, or the like. A solid 
substance containing a silicon source and an organic material 
is heated and carbonized in accordance with the needs. The 
carbonization is carried out by heating at 800°C to 1000°C for 
30 to 120 minutes in a non-oxidizing atmosphere such as nitrogen 
or argon. Silicon carbide is produced when the solid substance 
is further heated at ISSO'^C to 2000*^0 in a non-oxidizing atmosphere . 
The sintering temperature and the sintering time may be suitably 
determined because they affect the particle size of the obtained 
silicon carbide powder and the like. It is efficient and 
preferable to sinter the solid substance at 1600°C to 1900°C. 
The method of obtaining a high-purity silicon carbide powder 
described above is disclosed in detail in the specification of 
Japanese Patent Application Laid-Open No. 09-48605. 
[0025] 

Next, the non-metallic sintering auxiliary will be 
described . The silicon carbide sintered body used in the present 
invention is one containing free carbon at 2 to 10 wt%. This 
free carbon derives from the organic material used in the 
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non-metallic sintering auxiliary. The amount of free carbon 
can be set within the above-described range by adjusting an 
addition condition such as an amount of addition of a non-metallic 
sintering auxiliary. 
[0026] 

As the non-metallic sintering auxiliary, those being 
capable of becoming a free carbon source as described above, 
namely those containing an organic material that produces carbon 
by being heated (which may hereafter be referred to as '"carbon 
source"), are used- The above-described organic materials 
alone, or those obtained by covering the silicon carbide powder 
(particle size: about 0,01 to 1 micron) surface with the 
above-described organic materials may be used as the sintering 
auxiliary. In view of the effect, it is preferable to use organic 
materials alone. Specific examples of the organic materials 
that produce carbon by being heated include various sugars, for 
example, monosaccharides such as glucose, oligosaccharides such 
as sucrose, and polysaccharides such as cellulose and starch 
in addition to coal tar pitch, pitch tar, phenolic resin, furan 
resin, epoxy resin, and phenoxy resin having a high residual 
carbonization ratio. In order to mix an organic material 
homogeneously with silicon carbide powder, the organic material 
is preferably one that is in a liquid form at an ordinary 
temperature, one that is dissolved into a solvent, or one that 
is softened by being heated, such as those having a 
thermoplasticity or thermof usion property. Among them, the use 
of phenolic resin is preferable since the strength of the silicon 
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carbide sintered body will be improved. Furthermore, a 
resol-type phenolic resin is preferable. The action mechanism 
of these organic materials is not made clear yet. However, it 
is assumed that an inorganic carbon compound such as carbon black 
or graphite, which is produced by heating an organic material 
' in the system, acts effectively as a sintering auxiliary. 
However, if carbon black or the like is used as a sintering 
auxiliary, similar effects are not obtained. 
[0027] 

The non-metallic sintering auxiliary may be dissolved in 
an organic solvent as desired, and the solution may be mixed 
with the silicon carbide powder. The organic solvent to be used 
may be different depending on the non-metallic sintering 
auxiliary. For example, when phenolic resin is to be used as 
the sintering auxiliary, a lower alcohol such as ethyl alcohol, 
ethyl ether, acetone, or the like can be selected. In the case 
of fabricating a silicon carbide sintered body having a high 
purity, it is preferable to use a sintering auxiliary and an 
organic solvent having a smaller impurity content in addition 
to using a silicon carbide powder having a high purity. 
[0028] 

The amount of the non-metallic sintering auxiliary to be 
added to the silicon carbide powder is determined so that the 
free carbon of the silicon carbide sintered body will be 2 to 
10 wt%. When the free carbon is out of this range, the chemical 
change to SiC that proceeds during the joining process and the 
joining between the silicon carbide sintered bodies will be 
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insuf f icient- Here, the content (wt%) of free carbon can be 
calculated from a value obtained by measuring the amount of CO2 
and CO generated by heating a silicon carbide sintered body at 
SOO'^C for 8 minutes in an oxygen atmosphere with a carbon analysis 
apparatus. The amount of the sintering auxiliary to be added 
• differs depending on the kind of the sintering auxiliary to be 
used and the amount of surface silica (silicon oxide) of the 
silicon carbide powder. As a target for determining the amount 
of addition, the amount of surface silica (silicon oxide) of 
the silicon carbide powder is quantitated in advance with use 
of hydrogen fluoride water, and the stoichiometrical amount 
sufficient to reduce this silicon oxide (stoichiometrical amount 
calculated by the formula (I)) is calculated. By considering 
this value and the ratio by which the non-metallic sintering 
auxiliary produces carbon by being heated, the amount of addition 
can be determined so that the free carbon will be in the 
above-described suitable range. The description on the 
non-metallic sintering auxiliary of the silicon carbide sintered 
body described above is disclosed in more detail in the 
specification of Japanese Patent Application No. 09-041048. 
[0029] 

Next, a method of sintering a mixture of silicon carbide 
powder and a non-metallic sintering auxiliary will be described . 
The silicon carbide powder and the non-metallic sintering 
auxiliary are homogeneously mixed. In order to obtain a 
homogeneous mixture, a solution obtained by dissolving the 
sintering auxiliary into an organic solvent may be used, as 
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described before. The mixing method may be a known one, for 
example, a method using a mixer, a planetary ball mill, or the 
like. An instrument used for mixing is preferably made of a 
synthetic resin material in order to prevent intermingling of 
metal element impurities. The mixing is preferably carried out 
■for about 10 to 30 hours, particularly for 16 to 24 hours, so 
as to perform sufficient mixing. After sufficient mixing, the 
solvent is removed, so as to solidify the mixture by evaporation . 
Thereafter, the mixture is subjected to sieving to obtain a source 
material powder of the mixture. For drying, a granulation 
apparatus such as a spray dryer may be used. 
[0030] 

The source material powder obtained in this manner is 
placed in a forming mold. The use of forming mold made of graphite 
is preferable since metal impurities will not intermingle into 
the silicon carbide sintered body. Even a forming mold made 
of a metal can be suitably used if the contact part between the 
source material and the mold is made of graphite or a 
tritetraf luoroethylene sheet (trad-^^ name: teflon sheet) is 
interposed at the contact part so that the source material powder 
may not be in direct contact with the metal part of the mold. 
Inparticular, if one wishes toproduce a silicon carbide sintered 
body having a high purity, it is preferable that the mold and 
the heat-insulating material or the like within the furnace are 
made of a graphite material having a high purity. Specifically, 
an example is, a graphite material or the like that is sufficiently 
subjected to a baking process at a temperature of 2500°C or higher 
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in advance and that does not generate an impurity even when used 

at a high temperature. 

[0031] 

The source material powder placed in the forming mold is 
subjected to a hot-pressing treatment. As to the pressure for 
' hot pressing, the hot pressing can be carried out under a pressure 
in a wide range of 300 to 700 kgf/cm^. However^ when 
pressurization is carried out at 4 00 kgf /cm^ or higher, the parts 
for hot pressing, for example, the dice, the punches^ and the 
like to be used must have an excellent pressure resistance. 
[0032] 

The hot pressing is carried out at 2000°C to 2400°C- The 
temperature raising up to this hot pressing treatment temperature 
is preferably carried out gradually and stepwise. When the 
temperature is raised in this manner, the chemical change, the 
state change, and the like that are generated at each temperature 
can be allowed to proceed sufficiently, and as a result, the 
intermingling of impurities and the generation of cracks and 
pores can be prevented . A preferable example of the temperature 
raising step will be shown below. First, a forming mold 
containing 5 to 10 g of a source material powder is placed within 
a furnace, and the inside of the furnace is brought into a vacuum 
state of 10""^ torr. The temperature is raised gradually from 
room temperature to 200^C, and is maintained at 200**C for about 
30 minutes. Thereafter, the temperature is raised to 700°C in 
6 to 10 hours, and is maintained at 700°C for 2 to 5 hours. In 
the temperature raising step from room temperature to 700®C, 
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eliitiination of adsorbedmoisture and organic solvent takes place, 
and carbonization of the non-metallic sintering auxiliary also 
proceeds. The period of time for holding a predetermined 
temperature differs depending on the size of the silicon carbide 
sintered body, and may be suitably set to a preferable period 
• of time. Also, whether the holding time is sufficient or not 
can be determined by using as a target the time point at which 
the decrease in the vacuum degree becomes small to a certain 
degree. Next, the temperature is raised from 700°C to 1500°C 
in 6 to 9 hours, and is maintained at 1500°C for about 1 to 5 
hours. While the temperature is maintained at ISOO^'C, the 
reaction of silicon oxide being reduced to change into silicon 
carbide proceeds (formula (I)). If the holding time is 
insufficient, silicon dioxide remains and adheres to the silicon 
carbide powder surface. This hinders the densif ication of the 
particles and causes growth of large particles, so that it is 
not preferable. Whether the holding time is sufficient or not 
can be determined using, as a target, whether the generation 
of carbon monoxide, which is a byproduct, has stopped or not, 
namely whether the decrease in the vacuum degree has ceased and 
has recovered to the vacuum degree of 1300°C which is the 
temperature at the start of reduction reaction or not. 
[0033] 

The hot pressing is preferably carried out after the 
temperature inside the furnace is raised to about 1500°C at which 
the sintering starts and then the inside of the furnace is filled 
with an inert gas so as to provide a non-oxidizing atmosphere. 
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As the inert gas, nitrogen gas, argon gas, or the like is used; 
and it is preferable to use argon gas which is non-reactive even 
at a high temperature- If one wishes to produce a high-purity 
silicon carbide sintered body, a high-purity inert gas is used. 
After the inside of the furnace is made into a non-oxidizing 
atmosphere, the inside of the furnace is heated and pressurized 
so as to obtain the temperature of 2000°C to 2400°C and the pressure 
of 300 to 700 kgf /cm . If the maximum temperature is lower than 
2000°C, the achievement of high density will be insufficient. 
On the other hand, if the maximum temperature exceeds 2400°C, 
there is a fear that the powder or the source material of the 
molded product will be sublimated (decomposed) , so that it is 
not preferable. It is preferable that the temperature is raised 
from approximately 1500^C to the maximum temperature in 2 to 
4 hours, and the maximum temperature is maintained for 1 to 3 
hours. The sintering proceeds rapidly at 1850°C to 1900°C, and 
the sintering is completed while the maximum temperature is 
maintained. When the pressurization condition is less than 300 
kgf/cm , the achievement of high density will be insufficient, 
whereas when it exceeds 700 kgf/cm^, the forming mold made of 
graphite may possibly be destroyed, so that it is not preferable 
in view of the production efficiency. The pressurization is 
preferably carried out at about 300 kgf/cm^ to 700 kgf/cm^ so 
as to restrain the growth of abnormal particles. 
[0034] 

The silicon carbide sintered body to be used is preferably 
highly densified to have a density of 2 , 9 g/cm^ or more and a 
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pore ratio of 1% or less, particularly preferably a density of 
3.0 g/cm^ or more and a pore ratio of 0.8% or less. The use 
of a highly densified silicon carbide sintered body improves 
the mechanical characteristics such as flexural strength and 
breakage strength as well as electrical physical properties of 
the obtained silicon carbide joined body. Also, the use of a 
highly densified silicon carbide sintered body is preferable 
in view of the contamination property since the constituent 
particles are made into small-size particles . On the other hand, 
when a low-density silicon carbide sintered body, for example, 
a porous silicon carbide sintered body is used, the silicon 
carbide joined body will be inferior in heat resistance, 
oxidation resistance, chemical resistance, and mechanical 
strength, and also joining strength will be insufficient in some 
cases . 
[0035] 

As a method for highly densifying the silicon carbide 
sintered body, there is a method of performing a molding step 
in advance prior to the sintering step. This molding step is 
carried out at a low temperature and under a low pressure as 
compared with the sintering step. When this sintering step is 
carried out, a bulky powder can be made compact (reduced in volume) 
in advance. Therefore, by repeating this step for a number of 
times , production of a large-scalemoldedproduct is facilitated . 
One example of various conditions in the molding step carried 
out in advance prior to the sintering step is shown below. A 
source material powder obtained by homogeneously mixing a silicon 
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carbide powder and a non-metallic sintering auxiliary is placed 
in a forming mold, and is pressed at a temperature of 80®C to 
300°C, preferably 120°C to 140°C, and under a pressure of 50 kgf/cm^ 
to 100 kgf /cm^ for 5 to 60 minutes, preferably for 20 to 40 minutes 
to obtain a molded product. The heating temperature may be 
• suitably determined in accordance with the characteristics of 
the non-metallic sintering auxiliary- The source material 
powder is preferably pressed so that the obtained molded product 
will have a. density of 1.8 g/cm^ or more when a powder having 
an average particle size of about 1 |jm is used, or so that the 
obtained molded product will have a density of 1.5 g/cm^ when 
a powder having an average particle size of 0.5 pm is used. The 
use of the molded product having a density within this range 
is preferable since the high densif ication of the silicon carbide 
sintered body will be facilitated. The molded product may be 
sub j ected to a cutting process so that the obtained molded product 
will conform to the forming mold used in the sintering step. 
[0036] 

When the total content of the ir:purity elements (elements 
having an atomic number of 3 or more excluding C, N, O, and Si 
in the element periodic table of the revised lUPAC Inorganic 
Chemistry Nomenclature of the year 1989) in the silicon carbide 
sintered body used in the present invention is 5 ppm or less, 
it is preferable because it can be used also in a process that 
demands a high cleanness, for example, in a semiconductor 
production process. More preferably, the total content is 3 
ppm or less, particularly preferably 1 ppm or less. However, 
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the impurity content by chemical analysis has a meaning only 
as a reference value in the case of actual use. For example^ 
even if the impurity content is the same, the evaluation of the 
contamination property on the silicon carbide joined body may 
differ in some cases depending on whether the impurities are 
uniformly distributed or locally present. Here, by using the 
materials specifically exemplified in the above and the 
exemplified sintering method, a silicon carbide sintered body 
having an impurity content of 1 ppm or less is obtained. In 
order to reduce the impurity element content of the silicon 
carbide sintered body, there are methods in which the content 
of the impurity elements contained in the source material to 
be used (for example, a silicon carbide powder and a non-metallic 
sintering auxiliary) and in the inert gas is set to be 1 ppm 
or less, or various conditions of sintering such as the sintering 
time and the temperature are adjusted to remove the impurities, 
and the like methods. Here, the impurity elements as referred 
to herein are the same as described above , and refer to the elements 
having an atomic number of 3 or more (excluding C, N, O, and 
Si ) in the periodic table of the revised lUPAC Inorganic Chemistry 
Nomenclature of the year 1989. 
[0037] 

As to the other physical property values of the silicon 
carbide sintered body used in the present invention, it is 
preferable that the flexural strength at room temperature is 
550 to 800 kgf/mm^; Young's modulus is 3.5 x 10^ to 4 . 5 x 10^; 
the Vickers hardness is 550 to 800 kgf/mm^; Poisson' s ratio is 
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0.14 to 0.21; the thermal expansion coefficient is 3.8 x 10'^ 
to 4.2 X 10"^ l/'^C; the thermal conductivity is 150 W/m-K or more; 
the specific heat is 0.15 to 0.18 cal/g-^'C; the heat shock 
resistance is 500 to 700 AT^C; and the specific resistance is 
1 Q-cm, because then various properties of the obtained silicon 
carbide sintered body will be good. Here, as the silicon carbide 
sintered body of the present invention, a silicon carbide 
sintered body disclosed in Japanese Patent Application No. 
09-041048 of the present inventors can be suitably used. 
[0038] 

Also, the surface on which the silicon carbide sintered 
body is joined is preferably smooth in view of close adhesion. 
Specifically, the surface roughness Ra of the surface to be j oined 
is preferably 0.5 fim or less, more preferably 0.02 fim or less. 
The surface roughness of the silicon carbide sintered body can 
be adjusted to be within the above-described range by performing 
a grinding process with use of a grinding wheel having a mesh 
of 200 to 800, buff processing, or the like. 
[0039] 

Next, the silicon metal used as a binder will be described. 
The silicon metal used in the present invention preferably has 
a purity of 98% or higher, more preferably a purity of 99% or 
higher, particularly preferably a purity of 99.9%. When a 
silicon metal having a low purity is used, a shared compound 
due to the impurity elements is produced in the silicon carbide 
joined body, thereby decreasing the fire resistance. 
Particularly, when it is to be used for a semiconductor 
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process-related purpose such as in a wafer j ig, the silicon metal 
preferably has a purity of 99.999% or higher. When the silicon 
metal put to use is a powder, the powder preferably has a mesh 
of 100 or more. When the size of the silicon metal is less than 
100 mesh, the joined surface is liable to be shifted, making 
it impossible to obtain a dimension precision. The upper limit 
value is not particularly limited; . however , actually available 
ones have a mesh of 350 or less. 
[0040] 

The amount of the silicon metal used for joining affects 
the joining strength and the like of the obtained silicon carbide 
joined body. As a result of eager studies by the present 
inventors and others, it has been found out that, when a silicon 
metal of an amount calculated in accordance with the following 
formula (1) is used, the joining strength of the obtained silicon 
carbide joined body will be good, and also no decrease in the 
joining strength or contamination due to the remaining of the 
silicon metal occurs. Formula (1) k x { surf ace area of the joined 
surface of the silicon carbide joined body (cm^) } x {amount of 
free carbon of the silicon carbide sintered body (%) } (g) . in 
the formula, the surface area of the joined surface of the silicon 
carbide joined body represents the surface area as viewed in 
the plane of projection of the joined surface. For example, 
in the case of joining two sintered bodies having an identical 
surface, it represents the surface area as viewed in the plane 
of projection of the surface of one silicon carbide sintered 
body. In the case of joining three or more silicon carbide 
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sintered bodies, it represents half of the area of the sum of 
the surface areas of all of the joined surfaces of the silicon 
carbide sintered bodies as viewed in the plane of projection. 
In the formula, k is 0.08 to 0.12, and is a coefficient that 
has been experimentally determined . The dimension thereof will 
be g/cm^. 
[0041] 

The silicon metal is interposed and sandwiched between 
the surfaces of the two or more silicon carbide sintered bodies 
that are joined. For example, a silicon metal powder may be 
scattered on the surface of one silicon carbide sintered body, 
and then the j oining surface of the other silicon carbide sintered 
body may be superposed on the surface on which the silicon metal 
has been scattered, or else two or more silicon carbide sintered 
bodies may be placed close to each other so as to obtain a 
predetermined space (placed so that the joining surfaces may 
oppose to each other) and the space may be filled with a metal 
silicon powder. During this period, there is no need for 
pressurization. For example, in the case of joining the silicon 
carbide sintered bodies in a superposed state, it is sufficient 
as long as the surfaces are not shifted even if loaded only with 
the self-weight of the silicon carbide sintered bodies. They 
may be fixed with a fixing tool or pressurized so that the surfaces 
may not be shifted. As a method for scattering a silicon metal 
on the surface of a silicon carbide sintered body, there is for 
example a method in which all of the surface of the silicon carbide 
sintered body is covered with the silicon metal with use of a 
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funnel or the like. 
[0042] 

Next, the silicon carbide sintered bodies that sandwich 
the silicon metal are subjected to a high-temperature heating 
treatment. The heating treatment is preferably carried out in 
• a non-oxidizingatmosphere, and preferably carried out in vacuum 
or in an inert gas atmosphere other than nitrogen gas . The inert 
gas to be used is preferably argon gas or helium gas. When 
nitrogen gas is used as the inert gas, it reacts with silicon 
metal at a high temperature to produce silicon nitride, whereby 
the joined surface may sometimes be exfoliated or destroyed due 
to the thermal expansion difference. On the other hand, argon 
gas and helium gas are preferable since such a problem is not 
occurred for they are non-reactive even at a high temperature. 
Here, if one wishes to produce a high-purity silicon carbide 
j oined body, the inert gas to be used preferably has a high purity 
also . 
[0043] 

It is sufficient that the heati}?g temperature is at lowest 
the melting point of the silicon metal, preferably 1450°C to 
2200°C. When the heating temperature is lower than 1450°C. the 
silicon metal will not be melted, whereas when it is 2200°C, 
part of the silicon metal will be sublimated. When silicon 
carbide of p-type is used as a source material, the upper limit 
is preferably set to be 2000°C. When silicon carbide of a-type 
is used, the upper limit is preferably set to be ISOO'^C. 
Particularly, j oining at about 1600°C is preferable since a j oined 
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body having a high strength can be produced efficiently. Also, 
when the temperature is gradually raised, the reaction of silicon 
metal with the free carbon in the silicon carbide sintered body 
will proceed sufficiently, so that it is preferable. 
Specifically, the temperature is raised preferably at S^'C/min 
to 15^C/min, particularly at about 10°C/min. 
[0044] 

The present application claims priority based on the 
Japanese patent application previously filed by the same 
applicants, namely Japanese Patent Application No. 2003-401966 
(filed on December 1, 2003), the specifications of which are 
incorporated herein for reference. 

INDUSTRIAL APPLICABILITY 

[0045] 

According to the ceramic heater unit of the present 
invention, an improvement in the purity and in the thermal 
uniformity can be achieved. 



